Canonical correlation analysis is a multivariate method to examine the relationships between two (X and Y) sets of variables when all measurements are obtained from same broilers. Canonical correlation analysis aims to obtain new variables called as canonical variates formed by linear combinations of the original variables for each set and by maximizing the relationships between two set. The purpose of this study is to examine the relationships between 8 biochemical traits (Aspartate Aminotransferase (AST), Albumin, Triglyceride, Total Cholesterol, Low Density Lipoprotein (LDL) cholesterol, Glucose, Total Protein and Alanine Aminotransferase (ALT)) and 4 oxidative stress traits (total antioxidant status (TAS), total oxidant status (TOS), oxidative stress index (OSI), lipid peroxide (LPO)) in broiler chickens. As a result, the correlation between the first canonical variable pair was found 0.594.
Introduction
There are considerable relationships between biochemical and oxidative stress traits. In general, several univariate (relationships) measurements such as Pearson correlation and regression coefficients are used to determine of these relationships. However, for determining of the relationships by this approach, only two variables are considered and the effects of other variables on these relationships are ignored. Thus, whole relationships structure may be impaired. Instead of univariate methods, using of multivariate methods can provide more information. Canonical correlation analysis is one of the common multivariate methods and employed to examine the relationships between two variable sets contained at least two or more variables.
The objective of this study is to examine relationships between some biochemical and oxidative stress traits in broiler chickens.
Materials and Methods

Material
Material of this research consists of 120 broilers. 12 traits were measured from these broiler chickens. 8 of these traits were grouped into X variable and the rest of (4) 
The problem is now to estimate a and b that maximize equation (1) given the assumpions below:
Let the maximization problem of eq.
(1) write in Lagrangian form by using two constrains (2) and (3):
In order to maximize the eq. (4), after taking derivatives ( , , , ) with respect to a and b, the resulting equations are presented in the matrix form:
with the constraint = = given eq. (2) and (3). Hence, canonical correlations are estimated from the highest one to lowest one ( 1 ≥ 2 ≥ ⋯ ) which are p roots of the determinant of coefficent matrix in eq. (5) (Tabachnick and Fidell, 2001; Johnson and Wichern, 2002; Keskin and Ozsoy, 2004) .
Testing of significant canonical correlations are required and Bartlett test is a very common test (Thompson, 1985) . In this test, 2 test statistic is computed as follows:
where n: number of observations, V1 and V2: number of variables in the sets of X and Y and
then is compared with × 2 table value. In this procedure, if we reject that H0: all canonical correlations = 0, the largest correlation coefficent is extracted and the test is repeated until we fail to reject H0, which means that all significant correlations are determined. Statistica for Windows (release 7.0) statistical packet program was used for all of the calculations (StatSoft, 2004) .
Results and Discussion
Descriptive statistics for the studied traits were presented in Table 1 and Pearson correlation (r) coe In Table 1 , descriptive statistics of the X and Y variable sets are given. The highest variation in X variable set has LDL cholesterol (35,248%); highest variation in Y variable set has OSI and TOS (57,991% and 57,194%) . Pearson corelation coefficients (r) were given in Table 2 . Table 2 shows that the highest correlation was found for total cholesterol and LDL cholesterol (r = 0.831) in X variable set; OSI and TOS in Y variable set (r = 0.920); in the X and Y varieties, TAS and triglyceride (r = 0.290) are observed. As seen in Table 2 , most of the correlation coefficients between the variables were found statistically significant at 1% or 5% level. The highest correlation coefficient was observed between OSI and TOS.
In this study, X and Y variable sets had p = 8 and q = 4 variables, respectively. Thus, four canonical variable or variate pairs (Ui Vi) can be potentially extracted and canonical correlations between them were computed by using eq. (1). These canonical correlations were presented in Table 3 .
As seen in Table 3 , only the first canonical correlation between U and V canonical variate pairs was found statistically significant (P<0.05). Thus, only the first canonical variate pairs was considered further analysis. According to first canonical variate pairs (U1V1), the canonical correlation is 59.4% (rU1V1 = 0.594)]. This result indicated that investigation of the relationships between biochemical and oxidative stress traits in broilers by using first canonical variates (U1 and V1) will be equivalent to original variables. Thus 35.28 (=0.594 2 ) percent of the variation in 12 original variables will be explained by only U1 and V1 canonical variates. Table 4 shows the standardized canonical coefficients. Standardized canonical coefficients can be interpreted as multiple regression coefficients in the multiple regression analysis. In canonical correlation analysis, standardized canonical coefficients show the change in canonical variable in terms of their standard deviation when original variable changes one standard deviation. In other words, these coefficients indicate the effect of original variables on the canonical variates. These coefficients and variable -variate correlations or canonical loadings were presented in Table 4 .
From the Table 4 , equations can be written in terms of standardized canonical coefficients for U1 and V1 canonical variate pairs as following: 
For U1 variate LDL (1.199) had the highest coefficient in X set. Similarly, the coefficient of OSI (4.447) was the highest one in Y set. On the contrary, standardized coefficient of GPT (-0.097) in X set was negative and had very low effect on U1 canonical variate. However, standardized canonical coefficients can be unstable for small sample size and for the presence of multicollinearity in the data. For this case, Sharma (1996) suggests the use of correlation between canonical and original variables which is called loading or structural correlation. Thus, loadings for first canonical variables were computed and given also in Table 4 .
Loadings of all original variables, except AST, in X set were found positively correlated with U1 and V1. However, all loadings in Y set, except TAS were negatively correlated with U1 and V1
Although, canonical coefficient of OSI was positive and high, canonical load of this variable was found negative and low.
When considered the loadings of the original variables in X set, LDL cholesterol had the highest value with 0.621 and this followed by Triglyceride with 0.591, Total Protein with 0.527 while AST had negative and lowest value (-0.196) . Similarly, in Y set, TAS was highly and positively correlated with V1 canonical variate while the smallest value (-0.193) belonged to TOS.
In order to obtain high value for U1 canonical variate, AST should be lower value. However other variables need to be high values. Similarly, in order to obtain high value for V1 canonical variate, all of the oxidative stress traits, except TAS should have low values.
Canonical correlation analysis was carried out for determination the relationships between biochemical and oxidative stress traits. According to results of this analysis, linear relationship between the two-variable set was determined as 59.4% (Figure 1) . Thus, it can be highly expected that when biochemical traits have high values, oxidative stress traits also will be high. Figure 1 Scater plot of canonical variates U1 and V1 U1 will be increased when V1 is increased because the canonical coefficient between U1 and V1 canonical variables is positive. According to this, the increase of serum albumin, triglyceride, LDL cholesterol, glucose and total protein will cause to the increase of V1 and as a result of this, TAS and OSI will be increased. Values with negative coefficient in V1 also will be decreased while values with negative coefficient in U1 are reduced. So, the reduction of serum AST and total cholesterol level caused to the increase in TAS and OSI, and the reduction of TOS and LPO.
The increase of TAS enhanced serum albumin and total protein levels of quails. This increase might be derived from the reduction of synthesis and secretion of corticoid hormones in quails due to increasing TAS. The reduction of corticoids' levels might have decreased protein catabolism. As a result, serum albumin and total protein levels were increased (Seyrek et al., 2004) .
Despite the increasing TAS of quail, the enhancement of serum glucose level might be derived from an increase in free radicals and the release of stress hormones such as
